Abstract
Introduction
The rheological properties of unclassified tailing paste as a typical non Newtonian fluid (Yin et al., 2012; Jiao et al., 2013) have been characterized by both the Bingham model and H-B model (Shuttleworth and Thomson, 2005; Li et al., 2012) . The abundant ultrafine particles contained in the paste form a three dimensional flocculation network under surface physical and chemical actions and they also have certain shear strength (Li et al., 2015) , enabling the paste to have both solid and liquid characteristics, i.e. a state of "semisolid" (Shi et al., 2001; Patterson and Lazarus, 1993) , and the reason for the non-Newtonian body with yield stress (Wang et al., 2004) .
L-Box method were used to detect the different slurry concentrations and the rheological parameters of paste so as to determine the critical concentration and to calculate the detection results of slurry transporttation resistance.
Experimental methods

The principle of L-Box experiment method
The L-Box size (120 cm in length, 20 cm in width and 15 cm in height) and flow analyses are shown in Figure  1 . The yield stress is calculated by flow distance L, final height ℎ 0 and material volume. The calculation method is as follows (Li et al., 2013; Roussel, 2007; N'Guyen et al., 2006) :
, the total volume of the material is:
In a certain volume, carry out L-Box experiment, then: 
Where: 
The yield stress of unclassified tailings paste
The detection principle of Brookfield R/S rotary rheometer is shown in Figure 2 (Alderman and Meeten, 1991; Nguyen, 1996) .
Figure 2 Vane detection method
The experiment selected rotor sizes H=4 cm, D=2 cm. Nguyen et al. (1985) propose that the container size and the insertion depth should be as follows: Dt/D > 2.0, Z1/D > 1.0, and Z2/D > 0.5 (shown in Figure 2 ). 
Experimental method
Rheometer detection
Using the controlled shear stress method, when the rotor starts to rotate, the shear stress is the static yield stress to set shear stress from 0 to 300 Pa.
This experiment used the ordinary 500 mL beaker as the container (Dt = 8.5 cm, Z1 = 5.5 cm, and Z2 = 2 cm).
In the preparation of the sample, Referring to the configurations in Nguyen (Nguyen and Boger, 1985) , five samples were prepared with the concentrations of 72, 74, 76, 78, and 80%, their yield stress was measured. 
L-Box experiment
The test results from the rheometer
L-Box experiment is carried out to detect the slurry density. The flow profile curve is drawn with the flow distance as the abscissa and the initial height as the ordinate. The experimental results are shown in Figure  5 and Table 2 . As shown in Figure 6 , the yield stress of the material increases from 68.87~73.35 to 212.4~225.06 Pa when the concentration of the unclassified tailings paste increases within the range of 72~80%. Yield stress of slurry increases exponentially with concentration, indicating the former is greatly affected by the latter. When concentration increases from 76 to 78%, yield stress increases sharply (its average value increases from 96 to 162 Pa). In the vicinity of the concentration, the morphology of the tailings is more sensitive to concentration, i.e., a small increase in concentration can lead to a substantial increase of yield stress and pipe resistance.
Comparison of experimental results
As shown in Figure 6 , the results of L-Box and vane-rheometer are almost identical and can verify each other, with those from the latter slightly greater (the deviation is 0.65~11.89%, with an average of 7.18%). In field operation, as it uses simple and convenient equipment, L-Box method features higher maneuverability and precision and is more economical.
The results were averaged, the yield stress values at each concentration were analyzed by regression analysis, and the relationship between yield stress and slurry concentration was obtained as follows: 
The calculation of frictional drag
The upward cut and fill method was used in the mine studied (located in Yunnan Province, China), in which the mined out area was filled using the unclassified tailings paste, cement and paste of coarse aggregate. For the independent areas, the edge of the ore body does not affect the special position of the mining cycle. No cement was used, and the downhole emission of unclassified tailings paste was used, with a backfill capacity of 60 m 3 /h, a pipe diameter of DN150, a slurry concentration of 74~78% and transmission distance. The formula for calculating the on-way resistance is as follows: According to the above experimental results, the concentration of the unclassified tailings paste is 74 to 78%. The calculated frictional drag is (3.4 to 6.6) Mpa/km when putting experimental results from Table 1 into  Equation 9 .
Conclusions
The yield stress of the material increases from 68.9~73.35 to 212.4~225.06 Pa when the unclassified tailings paste concentration was within the range of 72 to 80%. Yield stress of slurry increases exponentially with concentration.
Yield stress is significantly affected by concentration. When concentration increases from 76 to 78%, yield stress increases sharply (its average increases from 96 to 162 Pa). In the vicinity of the concentration, the morphology of the tailings is more sensitive to concentration, i.e., a small increase in concentration can lead to a substantial increase of yield stress and pipe resistance.
The results of L-Box and vane-rheometer are almost identical and can verify each other, with those from the latter slightly greater (the deviation is 0.65~11.89%, with an average of 7.18%). In field operation, as it uses simple and convenient equipment, L-Box method features higher maneuverability and precision and is more economical.
The calculated frictional drag is (3.39 to 6.6) MPa/km with a backfill capacity of 60 m 3 /h, a pipe diameter of DN150, and a slurry concentration of 74~78%, with the unclassified tailings paste.
